Abstract: An optimum Aspergillus oryzae CBS 819.72 α-amylase production in a laboratory-scale fermentor using a wheat grinding by-product as a sole carbon source (340 U/mL) was obtained after 48 h of batch fermentation under an agitation rate of 900 rpm and a pH maintained constant for 24 h. The application of this α-amylase preparation at an adequate concentration showed positive effects on dough properties and bread quality. Extensographic analysis revealed that while this addition induced a significant increase in maximal dough resistance to extension and area below the curve (energy), it brought a substantial decrease in extensibility. Farinographic results revealed small decreases in terms of time development, water absorption, and dough stability. Bread volume was also observed to undergo a significant increase.
Introduction
People have used wheat and other cereals to produce bread for thousands of years. In Europe, with an average consumption of about 65 kg per capita per year, bread remains a major element of a balanced healthy diet (Saranraj et al. 2012 ). This ancient craft has been perfected through the centuries and several works have shown that flour pasting parameters are related to protein content, particle size distribution, amylase content, and starch breakdown, and are important considerations for bread quality (Lijuan et al. 2007 ). The last two parameters have allowed for the construction of a clear-cut discrimination between strong, intermediate, and weak categories of flour (Anderssen et al. 2004 ). The addition of amylase enzymes in bakery products has often been reported to enhance consumer acceptance and purchase intent. Accordingly, amylases have often been used in bread making as standardisation and anti-staling agents of flour (Goesaert et al. 2006) . Based on their mode of action on starch polymers, α-amylases (α-(1,4)-D glucan glucanohydrolases; EC 3.2.1.1) are broadly classified as members of conventional α-amylase, exoamylases (β-amylase, maltogenic amylase and glucoamylase), and debranching enzymes (pullulanase, isoamylase) (Goesaert et al. 2009 ). Conventional α-amylases are endo hydrolytic enzymes that catalyse α-(1,4)-glucosidic linkages in starch to produce oligosaccharides with varying lengths and different α-limit dextrins. These α-amylases weaken the amylopectin network, by cutting the long polymer chains connecting the crystalline regions, but have little effect on amylopectin recrystallisation. They have often been used in bread making for the standardisation of flour which generally contains an adequate amount of β-amylase but an insufficient quantity of α-amylase (Morita et al. 1997; Harada et al. 2000) . In fact, various kinds of α-amylases, particularly fungal α-amylases, have been used in the bakery industry to enhance dough-handling properties and bread qualities (Maeda et al. 2003) . Fungal α-amylase is considered a relatively safe additive for bread making because it is inactivated early in the baking process prior to the distinct gelatinization of starch . During bread making, the action of fungal α-amylase increases the level of fermentable sugars in the dough, thus promoting the fermentation of yeast and the formation of Maillard reaction products, which, in turn, intensify bread flavour and crust colour .
α-Amylase functions are related to the reduction of dough viscosity through cleaving the amylose long poly-Influence of α-amylase on dough properties and bread quality 809 mer chains and the amylopectin fractions connecting the crystalline regions of starch, thus prolonging oven rise and increasing loaf volume (Goesaert et al. 2009 ). The addition of fungal α-amylase could otherwise be used to restore loaf volume losses caused by low protein content flour. This practice has become widespread in developed countries as part of the effort to foster the use of local lower-protein wheat instead of imported high-protein wheat. It has also been introduced in less developed countries whose wheat imports are generally from the low-protein category (Cauvain & Chamverlain 1988) .
Considering the industrial importance of α-amylases, several works have reported on the benefits of using low-cost α-amylase processes, including the application of agro-industrial residues (Tanyildizi et al. 2007; Ramesh et al. 2009) . In this context, we have previously investigated the potential optimisation of α-amylase production in a flask scale using an Aspergillus oryzae CBS 819.72 strain purchased from Centraalbureau voor Schimmelcultures (The Netherlands) with a wheat grinding by-product (gruel) as a carbon source (Kammoun et al. 2008 ). The present investigation was aimed at studying the α-amylase production by this strain in a laboratory fermentor. The effects of agitation and time-controlled pH were also explored. The activities of Aspergillus oryzae CBS 819.72 α-amylase as a general additive in bread making were investigated according to the formula of a slightly modified AACC international (2000), method 10-10B. The rheological and biochemical effects of the produced α-amylase on dough were compared to a currently commercialized amylase, namely Fungamyl (Novozymes, Denmark).
Materials and methods
Microorganism and medium composition A fungal strain of A. oryzae var. viridis CBS 819.72 (purchased from Centraalbureau voor Schimmelcultures, The Netherlands) was used in this study. It was propagated on potato-dextrose-agar media plates (Fluka, France) at 30
• C. The plates were grown for 6-8 days and then stored at 4
The culture medium contained (g/L): gruel 25, urea 12.5, casein acid hydrolysate 12.5, peptone hy-soy 6.25 g, glycerol 6.25, KH2PO4 5, (NH4)2SO4 2.5, MgSO4 2.5, and distilled water (Kammoun et al. 2008) . The contents were thoroughly mixed, and the initial pH was adjusted to 5.0. The flasks were cotton-plugged and autoclaved at 121
• C (15 psi) for 20 min.
Fermentation
Batch fermentations were performed in a 7 L Infors fermentor (Labfors AG, Switzerland) with a working volume of 5 L. The system was interfaced with the Iris software (version 4, Labfors AG, Switzerland) to register data and control the external peripherals. Fermentations were inoculated with spores at a level of 10 9 spore per mL. Throughout the batch process, a fermentation temperature of 25
• C, a pH value of 5, an aeration rate of 1.0 vvm and an agitation rate of 500-900 rpm were kept constant and examined. The pH controlled period with regards to the enzymatic production enhancement yield was investigated. The pH was maintained at 5 using orthophosphoric acid [30% (v/v)] and ammonia [30% (v/v)] for 24-48 h, which was followed by an uncontrolled phase.
Amylase recovery and assay Triplicate samples were harvested from the fermentation media at various time intervals (6 h or 14 h), and the cells were separated by centrifugation at 10,000 rpm for 20 min in a refrigerated centrifuge (Rotanta, Germany). The supernatant was used for enzyme assay. α-Amylase was assayed by the addition of 50 µL of the culture supernatant to 0.5 mL of 1% (w/v) starch, which was dispersed in 0.1 M acetate buffer (pH 5.6). The reaction mixture was incubated for 30 min at 50
• C, and the liberated reducing sugars (glucose equivalent) were measured using the 3,5-dinitrosalicylic acid method (Miller 1959) . A separate blank was made for each sample to eliminate the non-enzymatic release of sugars. One unit of the α-amylase activity corresponded to the amount of enzyme that released reducing sugars equivalent to 1 µmol glucose per min under the standard assay conditions.
Protein quantification and electrophoresis
Protein concentration was determined according to Bradford (1976) using bovine serum albumin as a standard. Semipurified samples of the enzyme were migrated in 12% SDS-PAGE in accordance with the method of Laemmli (1970) . Protein bands were visualized by coomassie brilliant blue R-250 (Biorad, France) staining.
Analysis of reaction products
The kinetics of the reaction were investigated in a reaction mixture containing 100 U of the semi-purified enzyme and 1% of soluble starch for 24 h at 37
• C. The reaction mixture was stopped by boiling for 5 min. The resulting products were analyzed by HPLC using an Aminex HPX-42A column. The products were eluted with water at a flow speed of 0.4 mL/min and detected with a Smartline Refractive Index Detector (RI2300). The standard solution consisted of 8 g/L glucose (DP1) and 5 g/L of each maltose (DP2), maltotriose (DP3), maltotetraose (DP4), maltopentaose (DP5), maltohexaose (DP6), and maltoheptaose (DP7).
Partial purification and enzyme formulation
The crude extract was collected after 50 h of batch incubation. After a centrifugation at 8,000×g for 15 min, a preliminary concentration of each extract was obtained by evaporation under vacuum at 40
• C followed by an acetone fractional precipitation (3V/V). The enzyme which was suspended in 100 mM sodium acetate buffer (pH 5.6) was then dialyzed against the same buffer. A volume of extract enzyme was mixed with three volumes of dehydrated starch, and the mixture was then dried at 42
• C for 48 h, yielding a white powder of enzyme preparation.
Bread making
The performance of the enzyme preparation from A. oryzae CBS 819.72 was tested in the bread making process using wheat flour (from a local milling industry) with a relative humidity of 14%. The results were compared to a currently commercialised enzyme, namely Fungamyl α-amylase CONC II (Product code 5B06491 from Novozymes, Denmark) from Aspergillus oryzae which had a 290322.58 U/g of activity.
Bread was prepared according to a slightly modified AACC international (2000) method 10-10B. Dough consisted of wheat flour (1 kg), salt (15 g), dry baker's yeast (20 g), 550-580 g of water at 500 BU (Brabender Unit) (according to the farinograph test for the determination of the water absorption of flour and the mixing behaviour of doughs), α-amylase (1,936 U/kg flour or a precise double concentration), and flour improvers (xylanase and ascorbic acid). A separate control was set up to test the nonenzymatic release of sugars with the same protocol and without the supplementation of α-amylase. All the ingredients were mixed in the HOBART 12qt planetary mixer (Belmont Bakery Machinery, UK). Dough was left to rest for 40 min at 40
• C with 80% of relative humidity. It was then divided into 550 g and 300 g pieces corresponding to white and small breads, respectively. The pieces of dough were moulded using a Rondo Ecom Pasty Roller (Belmont Bakery Machinery, UK) for 11 min. The oven temperature was set at 280
• C, and the baking time was kept at 18 min.
Physical and rheological methods Falling number method. The α-amylase activity in the flour preparation was evaluated by the falling number (FN) method as described by Hagberg (1961) . This method correlates between FN and the ability of α-amylase to liquefy gelatinized starch. It has become an internationally standardised method for determining amylase activity. FN was measured using an FN device (FN1600, Perten Instruments courtesy of Doty laboratories, Germany) according to the AACC international (1972), method 56-81B. A 7 g portion of the flour sample containing 1,936 (or the double concentration) α-amylase U/kg of flour was placed in the viscometer tube with 25 mL of distilled water. The stirring rod was inserted into the tube, which was then immersed in the boiling water bath of the instrument. The timer was automatically started after 5 s, and vertical stirring was activated and maintained for 55 s at a rate of two strokes per second. At the end of 60 s, the viscometer was released from the up position and allowed to fall through the liquefying flour-water slurry. Upon completion of the vertical fall, the timer stopped automatically and displayed the elapsed time in seconds. The fall of the stirring rod through the slurry was related to the amylase activity of the sample.
Farinograph and extensograph test. Farinographs were obtained according to well-established procedures, referenced in the AACC international (2000), method 54-21, and using the Do-Corder Brabender OHG (Duishurg, Germany). The extensibility (E) or maximum dough resistance (MR) of the dough sample were evaluated according to AACC international (2000) , method 54-10, using a Brabender (Duisburg mod Exek/7, No.779, Germany). The latter were determined after aging for 45 and 90 min, denoted as MR (45') and MR (90'), respectively.
Loaf volume. Loaf volume was determined by a colza seed displacement method wherein the loaf was placed into a container of a known volume filled by small colza seeds. The volume of seed displaced by the bread loaf was directly indicated. Analyses were performed in duplicate.
Results and discussion

Scaled-up production
We have previously reported on the flask-scale production of α-amylase (EC 3.2.1.1) from Aspergillus oryzae CBS 819.72 using a by-product of wheat grinding (gruel) as a sole carbon source, with a production yield of 148 U/mL being attained after 72 h of incubation (Kammoun et al. 2008 ). The present work was undertaken to investigate the effects of pH control and agitation with regards to enzyme production at a fermentor scale. Enzyme production was, accordingly, investigated by growing the strain at 500 rpm using two conditions wherein the pH level was maintained constant at 5 for 24 or 48 h. The results revealed that pH control for 24 h gave enzyme production yields of up to 250 U/mL, which were much better than those achieved at the end of fermentation (48 h) (Fig. 1a) . At this stage, the pH was increased to 8.6. When the pH was maintained constant at 5 till the end of batch fermentation, however, enzyme production was noted to attain only 114 U/mL. In this context, Yabuki et al. (1977) also reported that better α-amylase release was obtained when Aspergillus oryzae M-13 mycelium was placed in a medium with alkaline pH (above 7.2). Despite the optimal stability of this enzyme at acidic pH (optimum stability was between pH 4 and 5) (data not shown), the influence of pH kept at 5 for only the first 24 h of production was much more appropriate for enzyme release. This result is also in agreement with the one previously reported by Mohamad et al. (2002) where a significant loss of α-amylase activity was observed when pH was maintained at 4 until attaining an Aspergillus flavus growth phase of 8 L stirred-tank fermentation as compared to uncontrolled pH fermentation.
In order to study the effect of agitation on enzyme production yields, fermentation was assayed at two agitation rates, namely 500 and 900 rpm. The results (Fig. 1b) showed that the speed of agitation had a positive effect on enzyme production. In fact, highest amylase production yields of up to 340 U/mL were obtained after 48 h of incubation with agitation at 900 rpm. This is in agreement with the results reported previously on the flask scale incubation of this strain by Kammoun et al. (2008) where the increase of agitation was noted to enhance enzyme production. To some extent, however, this result contrasts with the findings of Amanullah et al. (2001) demonstrating that α-amylase and amyloglucosidase productions were not affected by agitation speed in spite of the important mycelial morphology changes caused by the increase in substrate utilization, oxygen uptake, cell growth, and aggregation. They also reported that mycelial morphology had direct effects on protein production. Likewise, Bennamoun et al. (2004) reported that while the increase of agitation speeds had no effect on α-amylase production by Aspergillus oryzae, it had clearly positive effects on biomass.
Purification and evaluation of the formulated α-amylase
The amylase from the crude extract of 50 h-incubated A. oryzae CBS 819.72 was semi-purified according to the procedure described previously. A purification fold of 5, with a specific activity of 1,545 U/mg and a recovery yield of 97%, was obtained using soluble starch as substrate at pH 5.6 and 50 • C. SDS-PAGE analysis showed a major band having an apparent molecular mass of 45 kDa (Fig. 2 ). An experimental formulation was prepared using dried potato starch as also already described to test the applicability and potential of this semi-purified enzyme in the bread making process. This amylase preparation was demonstrated to contain 25,000 U/g. The analysis of substrate specificity shows that the maximum specific activity of A. oryzae CBS 819.72 amylase was recorded on amylose, followed by starch, amylopectin, and glycogen, which confirmed their preference for α-(1,4)-glucosidic linkage cleaving. It could not, however, hydrolyze pullulan. The starch hydrolysis products of A. oryzae CBS 819.72 amylase were analyzed with HPLC. The profiles obtained after 24 h were maltose and maltotriose, along with other maltooligosaccharides of higher polymerization degrees (Fig. 3) . It was therefore possible to conclude that this enzyme is an endoamylase belonging to the α-1,4-glucan-4-glucanohydrolase (i.e. EC 3.2.1.1) and unable to attack the α-(1,6)-glucosidic linkages.
Influence of the formulated α-amylase on physical and rheological properties of dough Falling number results. The formulated α-amylase was assayed at two concentrations in dough mix to evaluate its effects on dough quality in comparison with a refer- ence commercial preparation. The first concentration, which consisted of 1,936 U/kg flour, corresponded to the standard commercial amylase concentration (noted 1X) used by local manufacturers; the second, namely 3,870.96 U/kg flour, had twice as much of amylase (2X).
The FN values of the flours treated with the formulated α-amylase at 1X and 2X per kg of flour concentrations were noted to undergo significant decreases, reaching 79 s and 73 s, respectively (Table 1) . These FN values were comparable to the 71 s value obtained with the commercial enzyme but lower than the 90 s value recorded with the control. This decrease in FN was the normal result of the decrease in viscosity caused by α-amylase and would presumably lead to good bread pasting properties, soft dough, and increased loaf volume (Mousia et al. 2004) .
Extensograph results. Extensibility (E) and maximal resistance (MR) of extensograms are summarized in Table 1 . The findings revealed that, compared to control, the addition of the formulated α-amylase at 1X per kg of flour increased the (45') and (90') MR values by 50 and 80 BU, respectively. The commercial enzyme, on the other hand, led to an increase of 92 and 120 BU, respectively. The addition of α-amylase at a concentration of 2X per kg of flour was noted to bring an increase in MR values by 110 and 190 BU, respectively, an increase that was much higher than those exhibited by the 1X per kg concentration and the commercial preparation used at the same concentration.
Considering that MR is strongly related dough tolerance to mixing and the swelling rate induced by CO 2 expansion during fermentation, the findings indicate that the addition of this α-amylase at a concentration of 2X per kg of flour is more suitable to achieve better dough qualities. In fact, the increase of MR by the addition of α-amylases was previously reported by Kim et al. (2006) and can be attributed to the crystallite size reductions in the continuous starch phase as a result of the action of the amylase, which contribute to the soft texture (Leman et al. 2005; Hemalatha et al. 2010) . The selection of the best amylase concentration for application should, however, take several other parameters related to dough and bread qualities into account. Concerning E without amylase, the results showed that, compared to the commercial formulation, the supplementation of the formulated α-amylase at 1X per kg of flour caused a slightly pronounced loss of E. This decrease of dough E was noted to be further enhanced when a concentration of 2X per kg of flour was used. Considering that baking performances are strongly related to the interplay between MR and E, the optimization of this formulated α-amylase concentration would presumably lead to better dough qualities. This is, in fact, supported by the results obtained in terms of MR/E values (Table 1) . Overall, the use of 1.3X of formulated amylase per kg of flour is estimated to give MR and E values that are close to those obtained with the currently commercialized enzyme. The decrease in the E values caused by the addition of α-amylases can be attributed to the modification of the polymer structure of wheat proteins, essentially glutenin protein, as a result of the presence of a high amount of reducing agents (Hemalatha et al. 2010) . In fact, the amylase end products would react with the wheat glutenin polymers by cleaving its inter-chain disulphide bonds, causing both a drastic decrease in molecular size and a new distribution to smaller components at a highest level (Renzetti et al. 2009 ).
Farinograph results. The results obtained in terms of farinograph curves using the flour mixtures mentioned above are also summarized in Table 1 . The findings revealed that, compared to the control, the addition of the formulated and the commercial α-amylase to wheat flour at 1X per kg of flour slightly shortened the dough development time by 0.5 min and 0.7 min, respectively. The use of the 2X per kg of flour concentrations was, on the other hand, noted to reinforce this decrease to 1 min. This can be attributed to the weakening of mixed dough caused by the presence of a high amount of oligosaccharides produced by amylase hydrolysis (Maeda et al. 2003) .
When compared to the control (without α-amylase), the formulated (1X per kg of flour) and commercial α-amylases were also noted to bring slight effect in terms of water absorption, whose values decreased to 1.6% and 1.9%, respectively. This result could be attributed to the facilitation of water migration, which is in agreement with several previous reports confirming that flours with important quantities of low molecular weight dextrin induced by enzymatic hydrolysis could hydrate rapidly (Lagrain et al. 2008) . The additions of the formulated and commercial α-amylases at 1X per kg were also notes to induce slight increases of 2 min and 1 min in dough stability, respectively, as compared to the 4 min increase brought by the 2X per kg concentration of the control. As previously discussed for E, this loss could be attributed to the presence of a high amount of reducing agents, which is related to the concentration at which the amylase would be added to the flour.
Baking results
Bread-making performances. The results obtained from the baking tests performed for the formulated, commercial, and control α-amylases used at concentrations of 1X and 2 X per kg of flour are summarized in Figure 4 . The findings revealed that the application of the formulated α-amylase at a concentration of 1X per kg ( Fig. 4 ; 1C-2C) flour gave satisfactory crust bread colours (for the two bread types) that were nearly similar to those obtained with the commercial enzyme ( Fig. 4; 1B-2B ). The breads obtained were also noted to show crumb cavities of regular shapes (visual texture) ( Fig. 4; 3C) , which is likely to be the result of an optimum production of carbon dioxide in the dough for a uniform honey comb-like texture (Veluppillai et al. 2010) .The pale or greyish crust colour obtained with the control indicated a lack of residual sugars that might have resulted from a lean fermentation ( Fig. 4; 1A-2A-3A) .
The addition of the formulated α-amylase at a concentration of 2X per kg of flour tended to produce, mainly for the white bread ( Fig. 4; 1D) , a foxy-red crust colour that is generally unappealing for consumers. In fact, crust colour is markedly affected by the high levels of residual sugars generated by high amylase concentration (Van Dam & Hille 1992) . The results also showed that crumb colour had a tendency to become whiter with increasing levels of α-amylase (2X per kg flour), an observation that was previously demonstrated by Cauvain & Chamverlain (1988) .
Volume of bread. The addition of the formulated α-amylase at 1X per kg of flour was noted to induce an increase of 1.84 and 1.6 times in the volumes of small and white bread, respectively (Table 1) , as compared to the control. This increase in bread volume was slightly higher than the one induced by the commercial α-amylase for the small and white bread, which attained 1.42 and 1.27 times, respectively. It is presumably related to the reduction of dough viscosity during
